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(54) LIGHT-EMITTING DIODE 



(57) An object of the invention is to provide a light 
emitting diode which enables relatively easy fabrication 
of large-area displays and is applicable to thin, long life, 
low cost, full color displays too. The object is attained 
by a light emitting diode comprising a positive electrode, 
a negative electrode, an Inorganic light emitting layer 
between the electrodes exhibiting st least electrolumi- 
nescence, a high resistance Inorganic electron trans- 



porting layer between the Inorganic light emitting layer 
and the negative electrode, capable of blocking holes 
and having conduction paths for carrying electrons, and 
an inorganic hole transporting layer between the Inor- 
ganic light emitting layer and the positive electrode, the 
inorganic hole transporting layer being a high resistance 
inorganic hole transporting layer capable of blocking 
electrons and having conduction paths for carrying 
holes. 
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Description 

TECHNICAL FIELD 

[0001] This Invention relates to light emitting diodes 
(LED) and more particularly, to devices having the Inor- 
ganic thin film structure that an Inorganic fluorescent 
substance between a pair of electrodes emits light. 

BACKGROUND ART 

[0002] In recent years, light emitting devices have 
made a great advance. In particular, active research and 
development efforts are made on the following two sub- 
jects. The first relates to light emitting diodes (LED) and 
laser diodes (LD) relying as the basic principle on the 
injection and radiative recombination of electrons and 
holes across a semiconductor pn Junction. The second 
relates to organic electroluminescent (EL) cells relying 
on the basic principle that an organic thin film serving 
as a light emitting layer Is stacked along with electron 
transporting and hole transporting organic substances 
to accomplish Injection and radiative recombination of 
electrons and holes similar to the semiconductor pn 
junction. 

[0003] The LED and LD have long been studied while 
the research of GaN and ZnSe systems has marked a 
great advance In recent years. As shown In Nikkei Elec- 
tronics, No. 674, page 79 (1 996), for example, LEDs in- 
cluding a layered structure of such nitride semiconduc- 
tor layers and emitting blue, green or similar light of short 
wavelength have already been developed. At present, 
reports relating to LD are also found though they are at 
an experimental phase. The reason why the LED and 
LD required a long time of development Is that wide gap 
semiconductor materials such as GaN and ZnSe were 
easy to form n-type semiconductors, but difficult to form 
p-type semiconductors. With the progress of their crys- 
tal growth technology, the successful manufacture of p- 
type semiconductors was reported In recent years, 
which encouraged a rapid advance to realize LED and 
then LD. 

[0004] However, LED and LD are difficult to apply as 
surface-emitting devices. Even if surface-emitting de- 
vices can be constructed, they become very expensive, 
suffering from a disadvantage from the price viewpoint. 
In the mass manufacture of blue-emitting devices, the 
crystal growth conditions, equipment, and single crystal 
substrates used are undesirably very costly as com- 
pared with red LEDs. it is currently believed that the mar- 
ket of blue-emitting devices expands 5 times If their cost 
Is reduced to one half. It Is urgently demanded to reduce 
the cost and Improve the production yield of the relevant 
technology. 

[0005] On the other hand, the organic EL devices can 
be formed on glass to a large area, on account of which 
research and development efforts have been made 
thereon to realize displays. In general, organic EL de- 



vices have a basic configuration constructed by forming 
a transparent electrode of ITO etc. on a glass substrate, 
stacking thereon a hole injecting and transporting layer 
of an organic amine compound and a light emitting layer 
5 of an organic substance exhibiting electron conductivity 
and Intense light emission such as Alq3, and further 
forming an electrode of a low work function metal such 
as MgAg, 

[0006] The device configurations which have been re- 
ported thus far have one or more organic compound lay- 
ers Interposed between a hole injecting electrode and 
an electron Injecting electrode. The organic compound 
layers are typically of two- or three-layer structure. 
[0007] in either structure, however, an unstable metal 
material having a tow work function must be used as 
one of the electrodes (usually on the electron injecting 
side). None of the devices available thus far are satis- 
factory In device lifetime, luminous efficiency, ease of 
production, production cost, ease of handling and the 
like. 

[0008] Since electroluminescent (EL) devices are 
light emitting devices having a thin fluorescent sub- 
stance layer sandwiched between dielectric layers, they 
have several features Including ease of handling of In- 
organic material, a wide angle of view, and a long life- 
time. Further development of the device is expected. 
[0009] However, since the luminous wavelength of 
the fluorescent substance used In EL Is limited, the lu- 
minous wavelength band of EL devices is restricted, 
leaving the problem that a full color display and a spe- 
cific col or can not be obtained. In organic fluorescent ma- 
terials are difficult to provide a sufficient luminous effi- 
ciency, which becomes a serious obstacle to increasing 
the emission luminance and reducing the power con- 
sumption of devices. Further, the difficult adjustment of 
a fluorescent material makes difficult the representation 
of a subtle color and the application to large-area dis- 
plays. 



[0010] An object of the Invention Is to provide a light 
emitting diode which enables relatively easy fabrication 
of large-area displays and is applicable to thin, long life, 
45 low cost, full color displays loo. 

[0011] This and other objects can be accomplished 
by the following constructions. 



(1) A light emitting diode comprising 

50 

a positive electrode, a negative electrode, an 
Inorganic light emitting layer disposed between 
the electrodes exhibiting at least electrolumi- 
nescence, 

55 a high resistance inorganic electron injecting 

and transporting layer disposed between the in- 
organic light emitting layer and the negative 
electrode, capable of blocking holes and having 
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conduction paths for carrying electrons, and 
an inorganic hole injecting and transporting lay- 
er disposed between the inorganic light emit- 
ting layer and the positive electrode, the inor- 
ganic hole Injecting and transporting layer be- 5 
Ing a high resistance Inorganic hole Injecting 
and transporting layer capable ot blocking elec- 
trons and having conduction paths for carrying 
holes. 

to 

(2) The light emitting diode of (1) wherein the high 
resistance inorganic electron injecting and trans- 
porting layer contains 

at least one oxide of an element selected from u 
the group consisting of alkali metal elements, 
alkaline earth metal elements, and lanthanide 
elements, the oxide having a work function of 
up to 4 eV, as a first component and 
at least one metal having a work function of 3 20 
to 5 eV as a second component. 

(3) The light emitting diode ol (1) or (2) wherein the 
second component Is at least one element selected 
from the group consisting of Zn, Sn, V, Ru.Sm.and 25 
In. 

(4) The light emitting diode of any one of (1 ) to (3) 
wherein the alkali metal element Is at least one el- 
ement selected from the group consisting of Li, Na, 

K, Rb, Cs, and Fr, the alkaline earth metal element 30 
is at least one element selected from the group con- 
sisting of Mg, Ca, and Sr, and the lanthanide ele- 
ment is selected from La and Ce. 

(5) The light emitting diode of any one of (1 ) to (4) 
wherein the high resistance Inorganic electron In- ss 
Jectlng and transporting layer has a resistivity of 1 

to 1x1 o 11 n-cm. 

(6) The light emitting diode of any one of (1 ) to (5) 
wherein the high resistance Inorganic electron In- 
jecting and transporting layer contains 0.2 to 40 *o 
mol% based on the entire components of the sec- 
ond component. 

(7) The light emitting diode of any one of (1 ) to (6) 
wherein the high resistance inorganic electron in- 
jecting and transporting layer has a thickness ol 0.2 «j 
to 30 nm. 

(8) The light emitting diode of any one of (1) to (7) 
wherein the high resistance Inorganic hole Injecting 
and transporting layer has a resistivity of 1 to 1x10 11 
£2-cm. wherein the high resistance inorganic hole so 
Injecting and transporting layer contains a metal 
and/or at least one member selected from the group 
consisting of an oxide, carbide, nitride, sillcide and 
borlde of the metal. 

(10) The light emitting diode of any one of (1 ) to (9) ss 
wherein the high resistance Inorganic hole injecting 
and transporting layer contains 



an oxide of silicon and/or germanium as a main 
component, the main component being repre- 
sented by (Si 1 . x Ge x )O y wherein Osxsl and 
1.7£y <2.2,and 

a metal having a work function of at least 4.5 
eV and/or at least one member selected from 
the group consisting of an oxide, carbide, ni- 
tride, sillcide and borlde of the metal. 

(1 1 ) The light emitting diode of (1 0) wherein the met- 
al Is at least one member selected from the group 
consisting of Au, Cu, Fe, Nl, Ru, Sn, Cr, Ir, Nb, Pt, 
W, Mo, Ta, Pd, and Co. 

(1 2) The light emitting diode of (1 0) or (1 1 ) wherein 
the content of the metal and/or the oxide, carbide, 
nitride, silicide and bortde of the metal is 0.2 to 40 
mol%. 

(1 3) The light emitting diode of any one of (1 ) to (1 2) 
wherein the high resistance inorganic hole injecting 
and transporting layer has a thickness of 0.2 to 1 00 

nm. 

(14) The light emitting diode of (1) wherein the in- 
organic hole injecting and transporting layer Is an 
Inorganic Insulatlve hole Injecting and transporting 
layer containing an oxide of silicon and/or germani- 
um as a main component, the main component hav- 
ing an average composition represented by 
(SI^GeJOy wherein 0 < x < 1 and 1 .7 < y < 1 .99. 

(15) The light emitting diode of (14) wherein the in- 
organic insulative hole injecting and transporting 
layer has a thickness of 0.1 to 3 nm. 

(1 6) The light emitting diode of any one of (1 ) to (1 5) 
wherein the inorganic light emitting layer contains 
strontium sulfide and cesium. 

BRIEF DESCRIPTION OF THE DRAWING 

[0012] FIG. 1 Is a schematic cross-sectional vlsw 
showing the basic construction of a light emitting diode 
according to the Invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0013] The light emitting diode of the invention has a 
positive electrode, a negative electrode, an Inorganic 
light emitting layer disposed between the electrodes ex- 
hibiting at least electroluminescence, a high resistance 
inorganic electron Injecting and transporting layer dis- 
posed between the inorganic light emitting layer and the 
negative electrode, capable of blocking holes and hav- 
ing conduction paths for carrying electrons, and an in- 
organic hole Injecting and transporting layer disposed 
between the Inorganic light emitting layer and the posi- 
tive electrode. The Inorganic hole Injecting and trans- 
porting layer is a high resistance inorganic hole injecting 
and transporting layer capable of blocking electrons and 
having conduction paths for carrying holes. 
[0014] By disposing an electroluminescent Inorganic 
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light emitting layer between a high resistance Inorganic 
electron injecting and transporting layer having an elec- 
tron injecting and transporting function and a high re- 
sistance Inorganic hole Injecting and transporting layer 
having a hole Injecting and transporting function In this 
way, an LEO applicable to a large-area display at a low 
cost can be constructed. Since its manufacture by thin 
film-forming steps Is possible, there Is available a dis- 
play having a high degree of Ireedom In the design of a 
display surface shape, a thin wall and a long lifetime. 
[0015] The negative electrode (or electron Injecting 
electrode) Is preferably formed of materials having a low 
work function, for example, metal elements such as K, 
LI, Na, Mg, La, Ce, Ca, Sr, Ba, Al, Ag, In, Sn, Zn, and 
Zr, and binary or ternary alloys containing such metal 
elements for stability improvement, and oxides of these 
metal elements. Also useful are oxides and fluorides of 
alkali metal elements such as LI, Na, K, Rb, and Cs. Ex- 
emplary alloys include Ag-Mg (Ag: 0.1 to 50 at%), Al-Li 
(Li: 0.01 to 1 2 at%), In-Mg (Mg: 50 to 80 at%), and Al- 
Ca (Ca: 0.01 to 20 at%). A thin film of one of these ma- 
terials or a multilayer thin film of two or more of these 
materials may be used as the electron Injecting elec- 
trode layer. 

[0016] The negative electrode (or electron injecting 
electrode) thin film may have at least a sufficient thick- 
ness to effect electron Injection, for example, a thick- 
ness of al least 0.1 nm, preferably at least 0.5 nm, more 
preferably at least 1 nm. Although the upper limit is not 
critical, the film thickness is typically about 1 to about 
500 nm. On the negative electrode, an auxiliary or pro- 
tective electrode may be provided. 
[001 7] The auxiliary electrode may have at least a suf- 
ficient thickness to ensure efficient electron injection 
and preventthe Ingress ol moisture, oxygen andorganlc 
solvents, for example, a thickness of at least 50 nm, 
preferably at least 100 nm, more preferably 100 to 500 
nm. A too thin auxiliary electrode layer would exert Its 
effect little, lose a step coverage capability, and provide 
Insufficient connection to a terminal electrode. If too 
thick, greater stresses are generated In the auxiliary 
electrode layer, bringing about a detrimental effect such 
as the accelerated growth rate of dark spots. 
[0018] For the auxiliary electrode, an appropriate ma- 
terial may be chosen In consideration of the material of 
the electron injecting electrode to be combined there- 
with. For example, low resistivity metals such as alumi- 
num may be used when electron Injection efficiency Is 
of importance. Metal compounds such as TiN may be 
used when sealing is of importance. 
[0019| The thickness of the negative electrode and 
the auxiliary electrode combined Is usually about 50 to 
about 500 nm though It Is not critical. 
[0020] For the positive electrode (or hole injecting 
electrode), materials capable of effectively Injecting 
holes into the high resistance Inorganic hole injecting 
and transporting layer are preferred, with those materi- 
als having a work function of 4.5 to 5.5 eV being espe- 



cially preferred. Useful are compositions based on tin- 
doped indium oxide (ITO), zinc-doped indium oxide 
(IZO), indium oxide (!n 2 0 3 ), tin oxide (Sn0 2 ) or zinc ox- 
ide (ZnO). These oxides may deviate more or less from 

5 their stoichiometric compositions. An appropriate pro- 
portion of Sn0 2 mixed with ln 2 0 3 Is about 1 to 20%, 
more prelerably about 5 to 12% by weight. For IZO, an 
appropriate proportion of ZnO mixed with ln 2 0 3 Is about 
12 to 32% by weight. 

10 [0021] The positive electrode (or hole Injecting elec- 
trode) may further contain silicon oxide (SK> 2 ) for ad- 
justing the work function. The content of silicon oxide 
(Si0 2 ) is preferably about 0.5 to 10% as expressed in 
mol percent of S10 2 based on ITO. The work function of 

19 ITO Is Increased by Incorporating SI0 2 . 

[0022] The electrode on the light output side should 
preferably have a light trans mittance of at least 50%, 
more preferably at least 80%, further preferably at least 
90% in the light emission band, typically from 400 to 700 

20 nm, and especially at each light emission. With a lower 
transmlttance, the light emitted by the light emitting layer 
is attenuated through the electrode, falling to provide a 
luminance necessary as a light emitting device. 
[0023] Preferably the electrode has a thickness of 50 

» to 500 nm, especially 50 to 300 nm. Although the upper 
limit of the electrode thickness Is not critical, a too thick 
electrode would cause a drop of transmlttance and sep- 
aration. Too thin an electrode Is Insufficient tor Its effect 
and low in film strength during fabrication. 

30 [0024] The light emitting diode of the invention has a 
high resistance inorganic electron injecting and trans- 
porting layer between the inorganic light emitting layer 
and the negative electrode. 

[0025] By disposing a high resistance inorganic elec- 
ts tron Injecting and transporting layer having electron con- 
duction paths and capable of blocking holes between 
the Inorganic light emitting layer and the negative elec- 
trode In this way, there are obtained advantages Includ- 
ing efficient injection of electrons Into the Inorganic light 
40 emitting layer, Improved luminous efficiency, and a low 
drive voltage. 

[0026] Preferably the second component Is contained 
in the high resistance inorganic electron injecting and 
transporting layer in an amount of 0.2 to 40 mol% based 

43 on the entire components to form conduction paths, per- 
mitting electrons to be efficiently Injected from the neg- 
ative electrode (or electron injecting electrode) into the 
organic layer on the light emitting layer side. Atthe same 
time, the motion of holes from the inorganic light emitting 

so layer to the electron injecting electrode side can be re- 
strained, achieving efficient recombination of holes and 
electrons In the Inorganic light emitting layer. 
[0027] The light emitting diode of the Invention pro- 
vides a luminance equal to or greater than prior art or- 

55 ganlc EL devices and LEDs and have higher heat re- 
sistance and weather resistance so that it has a longer 
lifetime than the prior art devices and Is devoid of current 
leakage or dark spots. Since an Inorganic material which 



EP1 115 271 A1 



7 

Is Inexpensive, readily available and easy to fabricate Is 
used ratherthan a relatively expensive organic material, 
the manufacturing cost can be reduced. 
[0O28J The high resistance inorganic electron inject- 
ing and transporting layer preferably has a resistivity of 
1 to 1 x1 0 11 Q-cm and especially 1x10 3 to 1x10 s Q-cm. 
The resistivity of the high resistance inorganic electron 
Injecting and transporting layer selected within the 
range drastically Improved while maintaining high elec- 
tron blockage. The resistivity of the high resistance In- 
organic electron Injecting and transporting layer may al- 
so be determined from a sheet resistance and a film 
thickness. 

[0029) Preferably the high resistance Inorganic elec- 
tron injecting and transporting layer contains as a first 
component, 

an oxide of at least one alkali metal element select- 
ed from among Li, Na, K, Rb, Cs and Fr, at least 
one alkaline earth metal element selected from 
among Mg, Ca and Sr, or at least one lanthantde 
element selected from among La and Ce, 
the oxide having a work lunctlon of up to 4 eV and 
more preferably 1 to 4 eV. 

Of these, lithium oxide, magnesium oxide, calcium ox- 
ide, and cerium oxide are preferable. When these ox- 
Ides are used In admixture, the mixing ratio Is arbitrary. 
Preferably the mixture contains at least 50 mol% of lith- 
ium oxide calculated as Li 2 0. 

[0030) The high resistance inorganic electron inject- 
ing and transporting layer further contains at least one 
element selected from among Zn, Sn, V, Ru, Sm, and 
In as a second component. The content of the second 
component Is preferably 0.2 to 40 mol%, more prefera- 
bly 1 to 20 mol%. Outside the range, less contents lead 
to a poor electron injecting function and larger contents 
lead to a poor hole blocking function. When two or more 
elements are used in combination, the total content 
should preferably fall In the above range. The second 
component may be In the form of either a metal element 
or an oxide. 

[0O31] Incorporating the conductive (low resistance) 
second component in the high resistance first compo- 
nent means that a conductive material Is distributed In 
an insulating material in the form of islands, creating 
hopping paths for electron injection. 
[0O32J The oxide as the first component generally has 
a stoichiometric composition, but may deviate more or 
less therefrom and take a non-stoichiometric composi- 
tion. The second component is generally present as an 
oxide, to which the same applies. 
[Q033J In addition, the high resistance Inorganic elec- 
tron injecting and transporting layer may contain as Im- 
purities H and Ne, Ar, Kr or Xe used as the sputtering 
gas. preferably in a total content of up to 5 at%. 
[0034] As longastheoverall high resistance Inorganic 
electron Injecting and transporting layer has the above- 



described composition on the average, the composition 
of the layer need not be uniform. A layer structure having 
a graded concentration in a thickness direction is ac- 
ceptable. 

5 [0035] The high resistance Inorganic electron Inject- 
ing and transporting layer Is normally amorphous. 
[0036] The thickness of the high resistance inorganic 
electron Injecting and transporting layer Is preferably 
about 0,2 to 30 nm, more preferably about 0.2 to 20 nm, 
10 most preferably about 0.2 to 10 nm. Outside the range, 
the electron Injecting layer would fall to fully exert Its own 
function. 

[0037] Methods for preparing the high resistance in- 
organic electron Injecting and transporting layer Include 
various physical and chemical thin film formation meth- 
ods such as sputtering and evaporation, with the sput- 
tering being preferred. In particular, a multi-source sput- 
tering process of sputtering distinct targets of the first 
and second components is preferred. The multi -source 
sputtering process allows the respective targets to be 
sputtered by appropriate techniques. In the case of sin- 
gle-source sputtering, a target of a mixture of the first 
and second components may be used. 
[0038] When the high resistance Inorganic electron 
injecting and transporting layer is formed by sputtering, 
the sputtering gas Is preferably under a pressure of 0.1 
to 1 Pa during sputtering. The sputtering gas may be an 
Inert gas such as Ar, Ne, Xe or Kr as used In conven- 
tional sputtering apparatus. Nitrogen (N 2 ) may be used 
if desired. As to the sputtering atmosphere, about 1 to 
99% of oxygen (0 2 ) may be added to or mixed with the 
sputtering gas to carry out reactive sputtering. 
[0039] The sputtering process may be a high-frequen- 
cy sputtering process using an RF power supply or a dc 
sputtering process. The power to the sputtering appa- 
ratus Is preferably In the range of about 0. 1 to 10 W/cm 2 
for RF sputtering. The rate of film deposition is prefera- 
bly In the range of 0.5 to 10 nm/mln, especially 1 to 5 
nm/mln. 

[0040] During deposition, the temperature of the sub- 
strate is room temperature (25*C) to about 150 Q C. 
[0041] The light emitting diode of the Invention has a 
high resistance inorganic hole injecting and transporting 
layer between the light emitting layer and the hole in- 
jecting layer. 

[0042] By disposing a high resistance Inorganic hole 
injecting and transporting layer having hole conduction 
paths and capable of blocking electrons between the In- 
organic light emitting layer and the positive electrode (or 
hole injecting electrode) in this way, there are obtained 
advantages Including efficient Injection of holes Into the 
Inorganic light emitting layer, Improved luminous effi- 
ciency, and a low drive voltage. 
[0043] Preferably in the high resistance Inorganic hole 
Injecting and transporting layer, an oxide of a metal or 
metalloid such as silicon or germanium Is used as the 
main component, and at least one of metals, metalloids, 
and/or oxides, carbides, nitrides, slllcldes and borldes 
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thereof, having a work function ol at least 4.5 eV, pref- 
erably 4.5 to 6 eV, is contained therein to create con- 
duction paths, thereby enabling efficient Injection of 
holes from the hole injecting electrode to the inorganic 
light emitting layer side. Additionally, this restrains the 
motion of electrons from the Inorganic light emitting lay- 
er to the hole injecting electrode side, enabling efficient 
recombination of holes and electrons In the Inorganic 
light emitting layer. 

[0044J The high resistance Inorganic hole Injecting 
and transporting layer preferably has a resistivity of 1 to 
1 x1 0 11 O-cm, and especially 1 x1 0 3 to 1 x1 0 8 ft-cm. The 
resistivity of the high resistance inorganic hole injecting 
and transporting layer selected within the range permits 
the hole injection efficiency to be drastically Improved 
while maintaining high electron blockage. The resistivity 
of the high resistance inorganic hole Injecting and trans- 
porting layer may also be determined from a sheet re- 
sistance and a film thickness. The sheet resistance may 
be measured by a four-terminal method or the like. 
[0045| The materials used as the main component are 
oxides of silicon and germanium. Preferably the main 
component Is represented by 

(Sl^GeJOy 

wherein 0 < x < 1 and 1 .7 < y < 2.2, preferably 1 .7 < y < 
1.99. The main component of the high resistance inor- 
ganic hole injecting and transporting layer may be sili- 
con oxide, germanium oxide or a mixture ot silicon oxide 
and germanium oxide. If y is outside this range, the layer 
tends to reduce its hole injecting function. The compo- 
sition may be determined by Rutherford back-scattering 
or chemical analysis, for example. 
[0046J In addition to the main component, the high re- 
sistance Inorganic hole Injecting and transporting layer 
preferably contains one or more of oxides, carbides, ni- 
trides, slllcldes and borldes of metals (Inclusive of met- 
alloids) having a work function of at least 4.5 eV. The 
metal having a work function ol at least 4.5 eV, prefer- 
ably 4.5 to 6 eV is at least one element selected from 
among Au, Cu, Fe, Ni, Ru, Sn, Cr t Ir, Nb, Pt, W, Mo, Ta, 
Pd, and Co. These elements are generally present in 
the form of metals or oxides. Carbides, nitrides, arbi- 
trary. The content of these elements is preferably 0.2 to 
40 mol%, more preferably 1 to 20 mol%. Outside the 
range, less contents lead to a poor hole Injecting func- 
tion and larger contents lead to a poor electron blocking 
function. When two or more elements are used In com- 
bination, the total content should preferably fall in the 
above range. 

[0O47] The above-described metals or oxides, car- 
bides, nitrides, slllcldes and borldes of metals (Inclusive 
of metalloids) are usually dispersed In the high resist- 
ance Inorganic hole Injecting and transporting layer. The 
dispersed particles generally have a particle size of 
about 1 to 5 nm. It Is believed that a hopping path Is 



created between the dispersed particles of conductor for 
carrying holes by way of the high resistance main com- 
ponent. 

[0046] The high resistance inorganic hole injecting 
5 and transporting layer may contain as Impurities H and 
Ne, Ar, Kr or Xe used as the sputtering gas, preferably 
in a total content ot up to 5 at%. 
[0049] As long as the overall high resistance Inorganic 
hole injecting and transporting layer has the above-de- 
scribed composition on the average, the composition of 
the layer need not be uniform. A layer structure having 
a graded concentration In a thickness direction Is ac- 
ceptable. 

[0050] The high resistance Inorganic hole Injecting 
and transporting layer Is normally amorphous. 
[0051] The thickness of the high resistance Inorganic 
hole injecting and transporting layer is preferably about 
0.2 to 1 00 nm, more preferably about 0.2 to 30 nm, most 
preferably about 0.2 to 10 nm. Outside the range, the 
high resistance inorganic hole injecting and transporting 
layer would fall to fully exert Its own function. 
[0052] Methods for preparing the high resistance In- 
organic hole Injecting and transporting layer Include var- 
ious physical and chemical thin film formation methods 
such as sputtering and evaporation, with the sputtering 
being preferred. In particular, a multi-source sputtering 
process of sputtering distinct targets of the main com- 
ponent and the metal, metal oxide or the like Is pre- 
ferred. The multi-source sputtering process allows the 
respective targets to be sputtered by appropriate tech- 
niques. I n the case of single-source sputtering, the com- 
position may be controlled by placing a small piece of 
the metal, metal oxide or the like on a target of the main 
component and properly adjusting the area ratio of the 
piece to the target. 

[0053] When the high resistance Inorganic hole inject- 
ing and transporting layer is formed by sputtering, the 
depositing conditions are the same as In the case of the 
high resistance Inorganic electron injecting and trans- 
porting layer. 

[0054] The light emitting layer may be formed of the 
same materials as used in conventional EL devices. 
[0055] The preferred materials for the light emitting 
layer are those described in Shosaku Tanaka, "Recent 
Technical Trend of Displays," In monthly magazine Dis- 
play, April 1998, pp. 1-10. More specifically, ZnS and 
Mn/CdSSe are typical materials for red light emission, 
ZnS:TbOF, ZnS:Tb, and ZnS:Tb are typical materials for 
green light emission, and SrS:Ce, (SrS:Ce/ZnS) n , 
CaGa^S^Ce, and Sr 2 Ga 2 S 5 :Ce are typical materials for 
blue light emission. 

[0056] Also known tor white light emission are SrS: 
Ce/ZnS:Mn etc. 

[0057] Of these, better results are obtained using a 
blue light emitting layer of SrS:Ce discussed in the In- 
ternational Display Workshop (IDW) '97, X. Wu "Multi- 
color Thin- Film Ceramic Hybrid EL Displays," pp. 593 
to 596. 
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[0058] The thickness of the light emitting layer Is not 
critical although too thick layers lead to an increased 
drive voltage and too thin layers lead to a reduced to 
1,000 nm, especially about 150 to 500 nm although it 
depends on the fluorescent material used. 
[0059J The light emitting layer may be formed by gas 
phase deposition processes. The gas phase deposition 
processes Include physical vapor phase deposition 
processes such as sputtering and evaporation, and 
chemical vapor phase deposition processes such as 
CVD, Of these, the chemical vapor phase deposition 
processes such as CVD are preferable, 
[0060] As described in the above-referred IDW, for the 
formation of the light emitting layer of SrS:Ce, a light 
emitting layer of high purity is obtained by forming it In 
a H 2 S atmosphere by an electron beam evaporation 
process. 

[0061J The formation of the light emitting layer Is pref- 
erably followed by heat treatment. The heat treatment 
may be canied out after the electrode layers (positive/ 
negative electrodes) and the light emitting layer are 
formed on a substrate, or cap annealing may be carried 
out after the electrode layer, the light emitting layer and 
the electrode layer are formed on a substrate. Often the 
use of cap annealing is preferred. The temperature of 
heat treatment is preferably from 600°C to the sintering 
temperature of the substrate, more preferably from 600 
to 1,300°C, most preferably from BOO to 1,200°C and 
the treating time Is from about 10 to 600 minutes, espe- 
cially from about 30 to 1 80 minutes. The atmosphere for 
annealing may be N 2 , Ar, He, or N2 containing not more 
than 0.1% of 0 2 . 

[0O62J The light emitting diode of the invention may 
have an inorganic insulative hole injecting and trans- 
porting layer as the Inorganic hole Injecting and trans- 
porting layer between the light emitting layer and the 
positive electrode. 

[0063] The Inorganic Insulative hole Injecting and 
transporting layer contains silicon oxide and/or germa- 
nium oxide as the main component. 
[0O64J Preferably the main component has an aver- 
age composition represented by the formula: 

(Si^GeJOy 

wherein 0 £ x s 1 and 1 .7 £y S 1 .99, typically as analyzed 
by Rutherford back-scattering. 
[0065J By controlling the oxide as the main compo- 
nent of the Inorganic Insulative hole Injecting and trans- 
porting layer so as to fall In the above-defined compo- 
sitional range, it becomes possible to effectively inject 
holes from the positive electrode to the light emitting lay- 
er side. Additionally, the migration of electrons from the 
light emitting layer to the positive electrode is restrained, 
ensuring effective recombination of holes and electrons 
In the light emitting layer. Since hole Injection and trans- 
portation Is Intended, no light emission occurs with a re- 



verse bias voltage applied. The device of the invention 
is effectively applicable to displays ol the time-division 
drive mode which are required to produce a high emis- 
sion luminance. 
5 [0066] The light emitting diode of the Invention pro- 
duces a luminance comparable to that of prior art organ- 
ic EL devices and LEDs. Owing to high heat resistance 
and weather resistance, the light emitting diode of the 
Invention has a longer service life than the prior art de- 
10 vices and develops neither leaks nor dark spots. The 
use of inexpensive, readily available inorganic materials 
rather than relatively expensive organic materials offers 
the advantages of easy manufacture and a reduced 
manufacture cost. 
13 [0067] In the formula, y representative of the oxygen 
content is in the above range, that is, from 1 .7 to 1 .99. 
If y is outside this range, the layer has a reduced hole 
Injecting capability, leading to a drop of luminance. Pref- 
erably y is from 1 .85 to 1 .98. 
[0068] The inorganic insulative hole injecting and 
transporting layer may be a thin film of silicon oxide, ger- 
manium oxide, or a mixture of silicon oxide and germa- 
nium oxide. In the formula, x representative of the ger- 
manium to silicon ratio Is 0 < x < 1 . Preferably x Is up to 
0.4, more preferably up to 0.3, especially up to 02. 
[0069] Alternatively, x Is preferably at least 0.6, more 
preferably at least 0.7, especially at least 0.8. 
[0070] The oxygen content Is given as an average val- 
ue for the film as analyzed by Rutherford back-scatter- 
ing although the measurement method is not limited 
thereto. Any analysis may be used insofar as measure- 
ment is made at an equivalent precision. 
[0071] The inorganic insulative hole Injecting and 
transporting layer may contain as an impurity Ne, Ar, Kr 
or Xe used as the sputtering gas, preferably In a total 
content of up to 10 at%, more preferably 0.01 to 2% by 
weight, especially 0.05 to 1 .5% by weight. These ele- 
ments may be contained alone or in admixture of two or 
more. The mixture may be of two or more Impurity ele- 
ments In an arbitrary ratio. 

[0072] These elements are used as the sputtering gas 
and thus Introduced Into the inorganic insulative hole In- 
jecting and transporting layer during its formation. If the 
content of these elements is too high, the trapping effect 
Is extremely lowered and hence, the desired perform- 
ance is lost. 

[0073] The content of the sputtering gas is determined 
by the pressure, the flow rate ratio of sputtering gas to 
oxygen, deposition rate, and other factors during film 
formation, especially the pressure during film formation. 
In order that the content of the sputtering gas fall within 
the above-described range, It Is preferred to effect film 
deposition In higher vacuum, specifically In a vacuum of 
1 Pa or lower, especially 0.1 to 1 Pa. 
[0O74] As long as the overall inorganic insulative hole 
Injecting and transporting layer has the above-de- 
scribed composition on the average, the composition of 
the layer need not be uniform. A layer structure having 
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a graded concentration In a thickness direction Is ac- 
ceptable. In this case, the hole injecting and transporting 
layer is preferably oxygen poorer on the interface side 
with the organic layer (or light emitting layer). 
[0075] The Inorganic Insulatlve hole Injecting and 
transporting layer is normally amorphous. 
[0O76J The thickness of the inorganic insulative hole 
Injecting and transporting layer Is not critical although 
an appropriate thickness Is about 0.05 to 10 nm, more 
preferably about 0.1 to 5 nm, and especially about 1 to 
5 nm or about 0.5 to 3 nm. Hole Injection would become 
Insufficient when the thickness of the Inorganic Insula- 
tive hole injecting and transporting layer is outside the 
range. 

[0077J Methods for preparing the Inorganic Insulatlve 
hole injecting and transporting layer include various 
physical and chemical thin film formation methods such 
as sputtering and electron beam (EB) evaporation, with 
the sputtering being preferred. 
[0078] When the Inorganic insulative hole injecting 
and transporting layer Is formed by sputtering, the de- 
positing conditions are the same as In the case of the 
high resistance Inorganic electron injecting and trans- 
porting layer. 

[00791 By providing the inorganic hole injecting and 
transporting layer, the light emitting diode of the Inven- 
tion Is Improved In heat resistance and weather resist- 
ance so that it has a longer lifetime. Since an inexpen- 
sive, readily available inorganic material is used rather 
than a relatively expensive organic material, the manu- 
facturing procedure becomes easy and the manufactur- 
ing cost can be reduced. The connection to the elec- 
trode of inorganic material is improved. This restrains 
the development of current leakage or dark spots. 
[00301 Referring to FIG. 1 , the light emitting diode of 
the invention may have the successively stacked con- 
figuration of substrate 1/hole injecting electrode 2/inor- 
ganlc hole Injecting and transporting layer 3/llght emit- 
ting layer 4/hlgh resistance Inorganic electron Injecting 
and transporting layer 5/negatlve electrode (or electron 
Injecting electrode) 6. The configuration obtained by re- 
versing the above-described order of stacking, that Is, 
the inversely stacked configuration is also acceptable. 
With respect to the stacked configuration, an appropri- 
ate embodiment may be selected depending on the 
specifications and manufacturing process of a display. 
[0081] The devices of the invention may be stacked 
In multiple stages In the film thickness direction. Such a 
multi-stage configuration is effective for adjusting or 
multiplying the color of emitted light. 
[0062] Further preferably, a shield plate may be pro- 
vided on the device In order to prevent the constituent 
layers and electrodes from deterioration. In order to pre- 
vent the ingress of moisture, the shield plate is attached 
to the substrate through an adhesive resin layerfor seal- 
ing. The sealing or filler gas is preferably an inert gas 
such as argon, helium, and nitrogen. The filler gas 
should preferably have a moisture content of up to about 



100 ppm, more preferably up to about 10 ppm, espe- 
cially up to about 1 ppm. The lower limit of the moisture 
content is usually about 0.1 ppm though not critical. 
[0083] The shield plate is selected from plates of 

5 transparent or translucent materials such as glass, 
quarto and resins, with glass being especially preferred. 
Alkali glass is preferred because of economy although 
other glass compositions such as soda lime glass, lead 
alkali glass, boroslllcate glass, alumlnoslllcate glass, 

10 and silica glass are also useful. Of these, plates of soda 
glass without surface treatment are Inexpensive and 
useful. Metal plates and plastic plates may also be used 
as the shield plate. 

[0084] Using a spacer for height adjustment, the 
is shield plate may be held at a desired height over the 
layer structure. When a shield plate having a recess is 
used, the spacer may be used or not. When used, the 
spacer should preferably have a diameter In the above- 
described range, especially 2 to 8 u.m. 
20 [0085] The spacer may be p remixed in a sealing ad- 
hesive or mixed with a sealing adhesive at the time of 
bonding. The content of the spacer In the sealing adhe- 
sive Is preferabry 0.01 to 30% by weight, more prefera- 
bly 0.1 to 5% by weight. 
25 [0086] Any adhesive which can maintain stable bond 
strength and gas tightness may be used although UV- 
curable epoxy resin adheslves of cation curing type are 
preferred. 

[0087] The substrate on which the light emitting diode 
30 is formed may be selected from amorphous substrates 
of glass and quartz and crystalline substrates of Si, 
GaAs, ZnSe, ZnS, GaP, and InP, for example. If desired, 
buffer layers of crystalline materials, amorphous mate- 
rials or metals may be formed on such crystalline sub- 
35 strates. Metal substrates Including Mo, AJ, Pt, Ir, Au and 
Pd are also useful. Of these, glass substrates are pre- 
ferred. When the substrate is situated on the light output 
side, the substrate 6hould preferabry have a light trans- 
mittance as described above for the electrode. 
40 [0088] A plurality of Inventive devices may be arrayed 
on a plane. A color display is obtained when the respec- 
tive devices of a planar array differ In emission color. 
[0089] The substrate may be provided with a color fil- 
ter film* a fluorescent material-containing color conver- 
ts slon film or a dielectric reflecting film for controlling the 
color of light emission. 

[0090] The light emitting diode of the invention is gen- 
erally used as an EL device of the dc or pulse drive type 
while it can be of the ac drive type. The applied voltage 
#> is generally about 2 to 30 volts. 

[0091] The light emitting diode of the invention Is ap- 
plicable as displays, optical pickups for use in writing 
and reading of memories, repeaters in transmission 
lines optical devices. 

55 
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EXAMPLE 
Example 1 

[0092] A substrate of (7059) glass by Coming Glass 
Works was scrubbed using a neutral detergent. 
[0O93] By RF magnetron sputtering from a target of 
ITO oxide, a hole Injecting electrode layer of ITO having 
a thickness of 200 nm was formed on the substrate at 
a temperature of 250°C. 

[0O94J After Its ITO electrode-bearing substrate sur- 
face was cleaned with UV/0 3 , the substrate was se- 
cured by a holder in a sputtering chamber, which was 
evacuated to a vacuum of 1 x1 0" 4 Pa or lower. 
[0O95| Using a target of Si0 2 having a Au pellet of the 
predetermined size rested thereon, a high resistance In- 
organic hole injecting and transporting layer was depos- 
ited to a thickness of 2 nm. The sputtering gas used was 
a mixture of 30 seem of Ar and 5 seem of O a . Sputtering 
conditions included room temperature (25*C), a depo- 
sition rate of 1 nm/mln, an operating pressure of 0.2-2 
Pa, and an Input power of 500 W. The high resistance 
Inorganic hole Injecting and transporting layer as depos- 
ited had a composition of SI0 1 9 containing 4 mol% of 
Au. 

[0O951 With the vacuum kept, the substrate was trans- 
ferred from the sputtering chamber to the evaporating 
chamber where by co-evaporation of ZnS and Mn , ZnS: 
Mn was vacuum evaporated to a thickness of 0.3 urn. 
By heating in Ar at 650 to 750°C for 2 hours, the layer 
was annealed for improving its characteristics. 
[0097] Next, the substrate was transferred to the sput- 
tering chamber where using a target of Li 2 0 having 4 
mol% of V admixed therein, a high resistance inorganic 
electron Injecting and transporting layer was deposited 
to a thickness of 2 nm. The sputtering gas used was a 
mixture of 30 seem of Ar and 5 seem of 0 2 . Sputtering 
conditions Included room temperature (25°C), a depo- 
sition rate of 1 nm/mln, an operating pressure of 0.2-2 
Pa, and an Input power of 500 W. The Inorganic electron 
Injecting and transporting layer as deposited had sub- 
stantially the same composition as the target. 
[0098] With the vacuum kept, Al was evaporated to a 
thickness of 200 nm to form a negative electrode. Final- 
ly a glass shield was sealed to complete a light emitting 
diode. 

[0099] The light emitting diode thus obtained was driv- 
en In air at a constant current density of 1 0 mA/cm 2 , find- 
ing a drive voltage of 10 volts and an initial luminance 
of 500 cd/m 2 . By the four-terminal method, the sheet re- 
sistance of the high resistance Inorganic electron Inject- 
ing and transporting layer and the high resistance Inor- 
ganic hole injecting and transporting iayer was meas- 
ured. These layers had a sheet resistance of 1 .5 kQ/cm 2 
and 4 k£2/cm 2 at a thickness of 100 nm, respectively, 
which correspond to a resistivity of 1 .5x10 s ft-cm and 
4x1 0 8 n-cm, respectively. 



Example 2 

[0100] Similar results were obtained when the com- 
position of the high resistance inorganic electron inject- 

5 ing and transporting layer In Example 1 was changed 
from Ll 2 0 to an oxide of at least one element selected 
from among alkali metal elements of Na, K, Rb, Cs and 
Fr, alkaline earth metal elements of Be, Mg, Ca, Sr, Ba, 
and Ra, and lanthanlde elements of La, Ce, Pr, Nd, Pm, 

to Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu. 

[0101] Similar results were obtained when V Is 
changed to at least one element selected from among 
Ru, Zn, Sm, and In. 



[0102] In the step of depositing the high resistance In- 
organic hole Injecting and transporting layer In Exam- 
ples 1 and 2, a Au pellet of the predetermined size was 
rested on a target of Ge0 2 . The high resistance inor- 
ganic hole Injecting and transporting layer was deposit- 
ed to a thickness of 20 nm. The sputtering gas used was 
a mixture of 30 seem of Ar and 5 seem of Q 2 Sputtering 
conditions Included room temperature (25°C), a depo- 
sition rate of 1 nm/min, an operating pressure of 0.2-2 
Pa, and an Input power of 500 W. The Inorganic hole 
Injecting and transporting layer as deposited had a com- 
position of Ge0 2 containing 2 mof% of Au. 
[0103] Otherwise as in Example 1 , a light emitting di- 
ode device was manufactured. When the device was 
evaluated as in Example 1 , approximately equivalent re- 
sults to Example 1 were obtained. 



[0104] Light emitting diodes were fabricated as In Ex- 
amples 1 and 2 except that in the step of depositing the 
high resistance Inorganic hole Injecting and transporting 
layer, the composition of the main component of the lay- 

40 er was changed to SIC^ 7 , SI0 195 , Ge0 198 , and 
Si 05 Ge 0S O 1 Q2 by controlling the flow rate of 6 2 In the 
sputtering gas and the target In accordance with the de- 
sired film composition. When the diodes were evaluated 
forthe luminance of light emission, approximately equiv- 

« alent results were obtained. 

Example 5 

[0105] Equivalent results were obtained when the 
so metal of the high resistance inorganic hole injecting and 
transporting layer In Examples 1 and 2 was changed 
from Au to at least one member of Cu, Fe, Nl, Ru, Sn, 
Cr, Ir, Nb, Pt, W, Mo, Ta, Pd and Co or an oxide, carbide, 
nitride, sillctde or borlde thereof. 

55 

Example 6 

[0106] Instead of depositing the high resistance Inor- 
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ganlc hole Injecting and transporting layer In Example 
1, an inorganic insulative hole injecting layer was de- 
posited to a thickness of 2 nm using a target of Si0 2 . 
The sputtering gas used was Ar having 5% of 0 2 ad- 4. 
mixed therein. Sputtering conditions Included a sub- 5 
strate temperature of 25°C, a deposition rate of 1 nm/ 
min, an operating pressure of 0.5 Pa, and an input power 
of 5 W/cm 2 . The hole Injecting layer as deposited had a 
composition ol SI0 1>9 . 

[0107J Otherwise as In Example 1 , a light emitting dl- io 
ode was manufactured. When the light emitting diode 
was evaluated as in Example 1 , approximately equlva- 5. 
lent results were obtained. 

EFFECT is 



from the group consisting of Zn, Sn, V, Ru, Sm, and 
In. 

The light emitting diode of any one of claims 1 to 3 
wherein said alkali metal element Is at least one el- 
ement selected from the group consisting of LI, Na, 
K, Rb, Cs, and Fr, said alkaline earth metal element 
Is at least one element selected from the group con- 
sisting of Mg, Ca, and Sr, and said lanthanlde ele- 
ment is selected from La and Ce. 

The light emitting diode of any one of claims 1 to 4 
wherein said high resistance inorganic electron in- 
jecting and transporting layer has a resistivity of 1 
to 1x10 11 fl-cm. 



[0108J According to the invention, a light emitting di- 
ode is accomplished which enables relatively easy fab- 
rication ol large-area displays and is applicable to thin, 
long life, low cost, full color displays. 



20 



The light emitting diode of any one of claims 1 to 5 
wherein said high resistance Inorganic electron In- 
jecting and transporting layer contains 0.2 to 40 
mol% based on the entire components of the sec- 
ond component. 



Claims 

1. A light emitting diode comprising 

a positive electrode, a negative electrode, an 
Inorganic light emitting layer disposed between 
the electrodes exhibiting at least electrolumi- 
nescence, 

a high resistance inorganic electron injecting 
and transporting layer disposed between said 
inorganic light emitting layer and said negative 
electrode, capable of blocking holes and having 
conduction paths for carrying electrons, and 
an Inorganic hole injecting and transporting lay- 
er disposed between said inorganic light emit- 
ting layer and said positive electrode, said in- 
organic hole injecting and transporting layer 
being a high resistance inorganic hole injecting 
and transporting layer capable ot blocking elec- 
trons and having conduction paths for carrying 
holes. 

2. The light emitting diode of claim 1 wherein said high 
resistance Inorganic electron injecting and trans- 
porting layer contains 

at least one oxide of an element selected from 
the group consisting of alkali metal elements, 
alkaline earth metal elements, and lanthanlde 
elements, the oxide having a work function of 
up to 4 eV, as a first component and 
at least one metal having a work function of 3 
to 5 eV as a second component. 

3. The light emitting diode of claim 1 or 2 wherein said 
second component is at least one element selected 



7. The light emitting diode of any one of claims 1 to 6 
wherein said high resistance Inorganic electron In- 

25 jecting and transporting layer has a thickness of 0.2 
to 30 nm. 

8. The light emitting diode of any one of claims 1 to 7 
wherein said high resistance inorganic hole inject- 
so ing and transporting layer has a resistivity of 1 to 

1x10 11 ft-cm. 

9. The light emitting diode of any one of claims 1 to 8 
wherein said high resistance inorganic hole inject- 

35 n ing and transporting layer contains a metal and/or 
at least one member selected from the group con- 
sisting of an oxide, carbide, nitride, siiicide and bo- 
ride of the metal. 

40 10. The light emitting diode of any one of claims 1 to 9 
wherein said high resistance Inorganic hole Inject- 
ing and transporting layer contains 
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an oxide of silicon and/or germanium as a main 
component, the main component being repre- 
sented by (Si^Ge^Oy wherein and 
1.7 sy 5 2.2, and 

a metal having a work function of at least 4.5 
eV and/or at least one member selected from 
the group consisting of an oxide, carbide, ni- 
tride, siiicide and borlde of the metal. 



11. The light emitting diode of claim 10 wherein said 
metal is at least one member selected from the 

55 group consisting of Au, Cu, Fe, Nl, Ru, Sn, Cr, Ir, 
1Mb, Pt, W, Mo.Ta, Pd.andCo. 

12. The light emitting diode of claim 10 or 11 wherein 
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the content of the metal and/or the oxide, carbide, 
nitride, silicide and boride of the metal Is 0.2 to 40 

mol%. 

13. The light emitting diode of any one of claims 1 to 1 2 5 
wherein said high resistance Inorganic hole Inject- 
ing and transporting layer has a thickness of 0.2 to 
100 nm. 

14. The light emitting diode of claim 1 wherein said In- io 
organic hole Injecting and transporting layer Is an 
Inorganic Insulatlve hole Injecting and transporting 
layer containing an oxide of silicon and/or germani- 
um as a main component, the main component hav- 
ing an average composition represented by « 
(Si^GeJOy wherein 0 S x £ 1 and 1 .7 < y < 1 .99. 

15. The light emitting diode of claim 14 wherein said In- 
organic insulative hole injecting and transporting 
layer has a thickness of 0.1 to 3 nm. 20 

16. The light emitting diode of any one of claims 1 to 15 
wherein said Inorganic light emitting layer contains 
strontium sulfide and cesium. 

25 
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